• Copy for the designated Office (DO/US) 

-Atent cooperation treJ/Y 



PC77IL99/00561 



From the INTERNATIONAL BUREAU 



PCT 

NOTIFICATION OF THE RECORDING 
OF A CHANGE 

(PCT Rule 92bis.1 and 
Administrative Instructions, Section 422) 


To: 

FENSTER, Paul 

Fenster & Company Patent 

Attorneys, Ltd. 

P.O. Box 10256 

49002 Petach Tikva 

ISRAEL 


Date of mailing (day/month/year) 

15 June 2000(15.06.00) 


Applicant's or agent's file reference 
082/01242 


IMPORTANT NOTIFICATION 


International application No. 
PCT/IL99/00561 


International filing date (day/month/year) 
24 October 1999 (24.10.99) 



Name and Address 


State of Nationality 


State of Residence 


SUNLIGHT ULTRASOUND TECHNOLOGIES, 
LTD. 

P.O. Box 2513 
76100 Rehovot 
Israel 


IL 


IL 


Telephone No. 

+972 (8) 930-1521 


Facsimile No. 

+972 (8) 930-1492 






Teleprinter No. 



1. The following indications appeared on record concerning: 

| | the inventor 



the applicant 



| | the agent | | the common representative 



2. The International Bureau hereby notifies the applicant that the following change has been recorded concerning: 



| | the person 



the name | | the address | | the nationality | | the residence 



Name and Address 


State of Nationality 


State of Residence 


SUNLIGHT MEDICAL, LTD. 
P.O. Box 2513 
76100 Rehovot 
Israel 


IL 


IL 


Telephone No. 

+972 (8) 930-1521 




Facsimile No. 






+972 (8) 930-1492 






Teleprinter No. 



3. Further observations, if necessary: 



4. A copy of this notification has been sent to: 
| X| the receiving Office 
| | the International Searching Authority 
| [ the International Preliminary Examining Authority 



| X| the designated Offices concerned 
| | the elected Offices concerned 

□ 



other: 





Authorized officer 


The International Bureau of W1PO 


34, chemin des Cotombettes 


Ingrid Aulich 


121 1 Geneva 20, Switzerland 


Facsimile No.: (41-22) 740.14.35 


Telephone No.: (41-22) 338.83.38 



Form PCT/1B/306 (March 1994) 
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PCT/IL99/00561 

J\TENT COOPERATION TRF ~JY 



From the INTERNATIONAL BUREAU 



PCT 

NOTIFICATION OF ELECTION 

(PCT Rule 61.2) 


To: 

Assistant Commissioner for Patents 

1 Initorl Qtatoc Patent anH TraHpmark 
vJllllcU OldlCo rdLcllL allU 1 (dUCiildiK. 

Office 
Box PCT 

Washington, D.C.20231 
ETATS-UNiS D'AMERIQUE 

in it<; eta naritv a<; plftfrtfid Office 


Date of mailing (day/month/year) 
05 July 2000 (05.07.00) 




International application No. 
PCT/IL99/00561 


Applicant's or agent's file reference 
082/01242 


International filing date (day/month/year) 

24 October 1999 (24.10.99) 


Priority date (day/month/year) 

08 November 1998 (08.1 1 .98) 


Applicant 

KANTOROVICH, Edward et al 



1. The designated Office is hereby notified of its election made: 

| X| in the demand filed with the International Preliminary Examining Authority on: 
10 April 2000 (10.04.00) 

| | in a notice effecting later election filed with the International Bureau on: 



2. The election 



X | was 

□ 



was not 



made before the expiration of 19 months from the priority date or, where Rule 32 applies, within the time limit under 
Rule 32.2(b). 



The International Bureau of WIPO 


Authorized officer 






34, chemin des Colombettes 


Claudio Borton 




121 1 Geneva 20, Switzerland 






Facsimile No.: (41-22) 740.14:35 


Telephone No.: (41-22) 338.83.38 
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PATENT COOPERATION TREATY 



From the INTERNATIONAL SEARCHING AUTHORITY 



To: 

FENSTER & COMPANY PATENT 
ATTORNEYS, LTD 
Attn. Fenster.Paul . 
P.O.Box 10256 

Petach T,kva 49002 pggjQfpTEt) 

1 1 5 ,Q3- j 
1 FENSTER Jk££^ 


NOTIFICATION OF TRANSMITTAL OF 
THE INTERNATIONAL SEARCH REPORT 
OR THE DECLARATION 

(PCT Rule 44.1) 


Date of mailing 

(ctay/month/year) qq jq^ /2000 


Applicant's or agents file reference 
082/01242 


FOR FURTHER ACTION See paragraphs 1 and 4 below 


International application No. 

PCT/IL 99/00561 


International filing date 
(day/month/year) 24/ 1 0/ 1 999 


Applicant 

SUNLIGHT ULTRASOUND TECHNOLOGIES, LTD. et al . 



1 . [^] The applicant is hereby notified that the Internationa! Search Report has been established and is transmitted herewith. 
Filing of amendments and statement under Article 19: 

The applicant is entitled, if he so wishes, to amend the claims of the Internationa! Application (see Rule 46): 

When? The time limit for filing such amendments is normally 2 months from the date of transmittal of the 
International Search Report; however, for more details, see the notes on the accompanying sheet. 

Where? Directly to the International Bureau of W IPO 
34, chemin des Colombettes 
1211 Geneva 20, Switzerland 
Fascimile No.: (41-22) 740.14.35 

For more detailed instructions, see the notes on the accompanying sheet 



2. | I The applicant is hereby notified that no International Search Report will be established and that the declaration under 
1 — ' Article 1 7(2)(a) to that effect is transmitted . herewith. 



3. With regard to the protest against payment of (an) additional fee(s) under Rule 40.2, the applicant is notified that: 

□ the protest together with the decision thereon has been transmitted to the International Bureau together with the 
applicant's request to forward the texts of both the protest and the decision thereon to the designated Offices. 



no decision has been made yet on the protest; the applicant will be notified as soon as a decision is made. 



4. Further action(s): The applicant is reminded of the following: 

Shortly after 18 months from the priority date, the international application will be published by the international Bureau. 
If the applicant wishes to avoid or postpone publication, a notice of withdrawal of the international application, or of the 
priority claim, must reach the International Bureau as provided in Rules 90bisA and 90£>/s.3, respectively, before the 
completion of the technical preparations for international publication. 

Within 19 months from the priority date, a demand for international preliminary examination must be filed if the applicant 
wishes to postpone the entry into the national phase until 30 months from the priority date (in some Offices even later). 

Wrthin 20 months from the priority date, the applicant must perform the prescribed acts for entry into the national phase 
before all designated Offices which have not been elected in the demand or in a later election within 19 months from the 
nrionty date or could not be elected because they are not bound by Chapter II. 



Name and mailing address of the International Searching Authority 


Authorized officer 


^ European Patent Office r P.B. 5818 Patentiaan 2 


Carl Hakim 


-fNv, NL-2280 HV Rijswijk 
. WJI Tel. (+31-70) 340-2040, Tx. 31 651 epo nl, 




Fax: (+31 -70) 340-301 6 





Form PCT/1SA/220 (July 1998) 



NOTES TO FORM PCT/ISA/220 



These Notes are intended to give the basic instructions concerning the filing of amendments under article 19. The 
Notes are based on the requirements of the Patent Cooperation Treaty, the Regulations and the Administrative Instructions 
under that Treaty. In case of discrepancy between these Notes and those requirements, the tatter are applicable. For more 
detailed in formation, see also the PCT Applicant's Guide, a publication of WIPO. 

In these Notes, 'Article", "Rule*, and "Section" refer to theprovisions of the PCT, the PCT Regulations and the PCT 
Administrative Instructions respectively. 



INSTRUCTIONS CONCERNING AMENDMENTS UNDER ARTICLE 19 



The applicant has, after having received the international search report, one opportunity to amend the claims of the 
international application, ft should however be emphasized that, since all parts of the intern ational application (claims, 
description and drawings) may be amended during the international preliminary examination procedure, there is usually 
no need to file amendments of the claims under Article 1 9 except where, e.g. the applicant wants the latter to be published 
for the purposes of provisional protection or has another reason for amending the claims before international pbulication. 
Furthermore, it should be emphasized that provisional protection is available in some States only. 



What parts of the International application may be amended? 

Under Article 1 9, only the claims may be amended. 

During the international phase, the claims may also be amended (or further amended) under Article 34 before 
the International Preliminary Examining Authority. The description and drawings may only be amended under 
Article 34 before the International Examining Authority. 

Upon entry into the national phase . ^ -arts of the international application may be amended under Article 28 
or, where applicable, Article 41 . 



When? Wrthin 2 months from the date of jr^-m.-* of the international search report or 1 6 months from the priority 

date, whichever time limit expires t -ould be noted, however, that the amendments will be considered 
as having been received on time if V i ^ received by the International Bureau after the expiration of the 
applicable time limit but before the ccr~cv>iion of the technical preparations for international publication 
(Rule 46.1). 



Where not to file the amendments? 

The amendments may only be filed the International Bureau and not with the receiving Office or the 
Intern ational Searching Authority (Rule 46.2). 

Where a demand for international preliminary examination has been /is filed, see below. 



How? Either by cancelling one or more entire claims, by adding one or more new claims or by amending the text of 

one or more of the claims as filed. 

A replacement sheet must be submitted for each sheet of the claims which, on account of an amendment or 
amendments, differs from the sheet originally filed. 

All the claims appearing on a replacement sheet must be numbered in Arabic numerals. Where a claim is 
cancelled, no renumbering of the other claims is required. In alt cases where claims are renumbered, they must 
be renumbered consecutively (Administrative Instructions, Section 205(b)). 

The amendments must be made in the language In which the international application la to be published. 



What documents must/may accompany the amendments? 
Letter (Section 205(b)): 

The amendments must be submitted with a letter. 

The letter will not be published with the international application and the amended claims. It should not be 
confused with the 'Statement under Article 19(1)" (see below, under "Statement under Article 19(1)"). 

The letter must be In English or French, at the choice of the applicant However, If the languag of the 
international application Is English, the letter must be In English; If the language of the International application 
is French, the letter must be In French. 



Notes to Form PCT/ISA/220 (first sheet) (January 1 994) 
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NOTES TO FORM PCT/ISA/220 (continued) 



The fetter must indicate the differences between the claims as filed and the claim a as amended. It must, in 
particular, indicate, in connection with each claim appearing in the international application (it being understood 
that identical indications concerning several claims may be grouped), whet her 



(0 


the claim 


is unchanged; 


00 


the claim 


t3 cancelled; 


(iii) 


the claim 


is new; 


0v) 


the claim 


replaces one or more claims as filed; 


(v) 


the claim 


is the result of the division of a claim as filed. 



The following examples Illustrate the manner In which amendments must be explained In the 
accompany ing letter: 

1 . [Where originally there were 48 claims and after amendment of some claims there are 5 1 J: 
"Claims 1 to 29, 31 , 32, 34, 35, 37 to 48 replaced by amended claims bearing the same numbers; 
claims 30, 33 and 36 unchanged; new claims 43 to 51 added." 

2. [Where originally there were 1 5 claims and after amendment of all claims there are 11]: 
"Claims 1 to 1 5 replaced by amended claims 1 to 11 

3. [Where originally there were 1 4 claims and the amendments consist in cancelling some claims and in adding 
new claims]: 

"Claims 1 to 6 and 14 unchanged; claims 7 to 13 cancelled; new claims 15, 16 and 17 added." or 
"Claims 7 to 13 cancelled; new claims 1 5, 16 and 17 added; all other claims unchanged.* 

4. [Where various kinds of amendments are made]: 

"Claims 1-10 unchanged; claims 11 to 1 3 , 1 8 and 1 9 cancelled; claims 1 4, 1 5 and 1 6 replaced by amended 
claim 14; claim 17 subdivided into amended claims 15, 16 and 17; new claims 20 and 21 added." 



"Statement under article 1 9(1 )" (Rule 46.4) 

The amendments may be accompanied by a statement explaining the amendments and indicating any impact 
that such amendments might have on the description and the drawings (which cannot be amended under 
Article 19(1)). 

The statement will be published with the international application and the amended claims. 
It must be In the language In which the international a pp plication Is to be published. 

It must be brief, not exceeding 500 words if in English or if translated into English. 

It should not be confused with and does not replace the letter indicating the differences between the claims 
as filed and as amended. It must be filed on a separate sheet and must be identified as such by a heading, 
preferably by using the words "Statement under Article 1 9(1)." 

It may not contain any disparaging comments on the international search report or the relevance of citations 
contained in that report. Reference to citations, relevant to a given claim, contained in the international search 
report may be made only in connection with an amendment of that claim. 



Consequence If a demand for International preliminary examination has already been filed 

If, at the time of filing any amendments under Article 1 9, a demand for international preliminary examination 
has already been submitted, the applicant must preferably, at the same time of filing the amendments with the 
International Bureau, also file a oopy of such amendments with the International Preliminary Examining 
Authority (see Rule 62.2(a), first sentence). 



Consequence with regard to translation of the International application for entry into the national phase 

The applicant's attention is drawn to the fact that, where upon entry into the national phase, a translation of the 
claims as amended under Article 19 may have to be furnished to the designated/elected Offices, instead of, or 
in addition to, the translation of the claims as filed. 

For further details on the requirements of each designated/elected Office, see Volume II of the PCT Applicant's 
Guide. 



Motes to Form PCT/ISA/220 (second sheet) (January 1994) 
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PATENT COOPERATION TREATY 

PCT 



INTERNATIONAL SEARCH REPORT 

(PCT Article 18 and Rules 43 and 44) 



Applicant's or agent's file reference 

082/01242 


POR FURTHER see Notification of Transmittal of International Search Report 

(Form PCT/1SA/220) as well as, where applicable, item 5 below. 

ACTION 


International application No. 
PCT/IL 99/00561 


International filing date (day/month/year) 

24/10/1999 


(Earliest) Priority Date (day/month/year) 

08/11/1998 


Applicant 

SUNLIGHT ULTRASOUND TECHNOLOGIES, LTD. et al . 



This International Search Report has been prepared by this International Searching Authority and is transmitted to the applicant 
according to Article 18. A copy is being transmitted to the International Bureau. 



. sheets. 



This International Search Report consists of a total of c 

[X| it is also accompanied by a copy of each prior art document cited in this report. 



1 . Basis of the report 

a. With regard to the language, the international search was carried out on the basis of the international application in the 
language in which it was filed, unless otherwise indicated under this item. 

| | the international search was carried out on the basis of a translation of the international application furnished to this 
Authority (Rule 23.1(b)). 

With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international search 
was carried out on the basis of the sequence listing : 
[ | contained in the international application in written form. 

filed together with the international application in computer readable form, 
furnished subsequently to this Authority in written form, 
furnished subsequently to this Authority in computer readble form. 



b. 



2. 
3. 



□ 
□ 
□ 
□ 

□ 

□ 
□ 



the statement that the subsequently furnished written sequence listing does not go beyond the disclosure in the 
international application as filed has been furnished. 

the statement that the information recorded in computer readable form is identical to the written sequence listing has been 
furnished 

Certain claims were found unsearchable (See Box I). 
Unity of invention is lacking (see Box II). 



With regard to the title, 

[X] the text is approved as submitted by the applicant. 

| | the text has been established by this Authority to read as follows: 



With regard to the abstract, 

[X] the text is approved as submitted by the applicant. 

□ the text has been established, according to Rule 38.2(b), by this Authority as it appears in Box III. The applicant may, 
within one month from the date of mailing of this international search report, submit comments to this Authority. 

fhe figure of the drawings to be published with the abstract is Figure No. Jx 

[X] as suggested by the applicant. None of the figures. 

[ | because the applicant failed to suggest a figure. 

| | because this figure better characterizes the invention. 



Form PCT/ISA/210 (first sheet) (July 1998) 



INTERNATIONAL SEARCH REPORT 



International Application No 

PCT/IL 99/00561 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC 7 G01N29/18 



According to International Patent Classification (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 

IPC 7 G01N 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (name of data base and, where practical, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category ° Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to ciaim No. 



PATENT ABSTRACTS OF JAPAN 

vol. 17, no. 446 (C-1098), 

17 August 1993 (1993-08-17) 

& JP 05 103804 A (YOSHIHISA MIZUGUCHI) 

abstract 

US 4 819 753 A (HIG0 ET AL) 
11 April 1989 (1989-04-11) 
cited in the application 
abstract 

column 5, line 47 -column 7, line 8; 
figure 7 

US 4 048 986 A (0TT) 

20 September 1977 (1977-09-20) 

cited in the application 

abstract 

column 4, line 5 - line 27; figure 4 



1-53 



1-53 



1-53 



□ 



Further documents are listed in the continuation of box C. 



0 



Patent family members are listed in annex. 



° Special categories of cited documents : 

"A" document defining the general state of the art which is not 

considered to be of particular relevance 
"E" earlier document but published on or after the international 

filing date 

"L" document which may throw doubts on priority claim(s) or 
which is cited to establish the publication date of another 
citation or other special reason (as specified) 

"O" document referring to an oral disclosure, use, exhibition or 
other means 

"P" document published prior to the international filing date but 
later than the priority date claimed 



T" later document published after the international filing date 
or priority date and not in conflict with the application but 
cited to understand the principle or theory underlying the 
invention 

"X" document of particular relevance; the claimed invention 
cannot be considered novel or cannot be considered to 
involve an inventive step when the document is taken alone 

"Y n document of particular relevance; the claimed invention 

cannot be considered to involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
in the art. 

"&" document member of the same patent family 



Date of the actual completion of the international search 



2 March 2000 



Date of mailing of the international search report 



09/03/2000 



Name and mailing address of the ISA 

European Patent Office, P.B. 5818 Patentlaan 2 
NL - 2280 HV Rijswijk 
Tel. (+31-70) 340-2040, Tx. 31 651 epo nl. 
Fax: (+31-70) 340-3016 



Authorized officer 



Kempf, G 



Form PCT/tSA/210 (second sheet) (July 1992) 



INTERNATIONAL SEARCH REPORT 

Information on patent family members 



International Application No 

PCT/IL 99/00561 



Patent document 
cited in search report 


Publication 
date 


Patent family 
member(s) 


Publication 
date 


JP 05103804 


A 


27-04-1993 


NONE 






US 4819753 


A 




JP 


1853740 


C 


07— 07-1 QQd 








JP 


5069542 


6 


01-10-1993 








JP 


62117553 


A 


29-05-1987 








DE 


3639263 


A 


25-06-1987 








DE 


3645212 


C 


30-11-1995 



US 4048986 A 20-09-1977 US 3990436 A 09-11-1976 



Form PCT/1SA/210 (patent famSy annex) (July 1992) 



PATENT COOPERATION TREATY 



From the 

INTERNATIONAL PRELIMINARY EXAMINING AUTHORITY 



To: 

FENSTER & COMPANY PATENT 

ATTORNEYS, LTD 

P.O.Box 10256 

Petach Tikva 49002 

ISRAEL 


PCT 

NOTIFICATION OF TRANSMITTAL OF 
THE INTERNATIONAL PRELIMINARY 
EXAMINATION REPORT 

(PCT Rule 71.1) 


Date of mailing 

(day/month/year) 30.01 .2001 


Applicant's or agent's file reference 
082/01242 


IMPORTANT NOTIFICATION 


International application No. 
PCT/IL99/00561 


International filing date (day/month/year) 
24/10/1999 


Priority date (day/month/year) 
08/11/1998 


Applicant 

SUNLIGHT ULTRASOUND TECHNOLOGIES, LTD. et al. 



1 . The applicant is hereby notified that this International Preliminary Examining Authority transmits herewith the 
international preliminary examination report and its annexes, if any, established on the international application. 

2. A copy of the report and its annexes, if any, is being transmitted to the International Bureau for communication 
to all the elected Offices. 

3. Where required by any of the elected Offices, the International Bureau will prepare an English translation of the 
report (but not of any annexes) and will transmit such translation to those Offices. 



4. REMINDER 

The applicant must enter the national phase before each elected Office by performing certain acts (filing 
translations and paying national fees) within 30 months from the priority date (or later in some Offices) (Article 
39(1)) (see also the reminder sent by the International Bureau with Form PCT/IB/301). 

Where a translation of the international application must be furnished to an elected Office, that translation must 
contain a translation of any annexes to the international preliminary examination report. It is the applicant's 
responsibility to prepare and furnish such translation directly to each elected Office concerned. 

For further details on the applicable time limits and requirements of the elected Offices, see Volume II of the 
PCT Applicant's Guide. 



Name and mailing address of the I PEA/ 



European Patent Office 
D-80298 Munich 



Tel. +49 89 2399 - 0 Tx: 523656 epmu d 
Fax: +49 89 2399 - 4465 



Authorized officer 
Ullrich, C 

Tel.+49 89 2399-2322 




Form PCT/IPEA/416 (July 1992) 



PATENT COOPERATION TREATY 

PCT 



INTERNATIONAL PRELIMINARY EXAMINATION REPORT 

(PCT Article 36 and Rule 70) 



Applicant's or agenfs file reference 
082/01242 


See Notification of Transmittal of International 
FOR FURTHER ACTION Preliminary Examination Report (Form PCT/I PEA/41 6) 


International application No. 
PCT/IL99/00561 


International filing date (day/month/year) 
24/10/1999 


Priority date (day/month/year) 
08/11/1998 


International Patent Classification (IPC) or national classification and IPC 
G01N29/18 


Applicant 

SUNLIGHT ULTRASOUND TECHNOLOGIES, LTD. et al. 



1. This international preliminary examination report has been prepared by this International Preliminary Examining Authority 
and is transmitted to the applicant according to Article 36. 



2. This REPORT consists of a total of 5 sheets, including this cover sheet. 

S This report is also accompanied by ANNEXES, i.e. sheets of the description, claims and/or drawings which have 
been amended and are the basis for this report and/or sheets containing rectifications made before this Authority 
(see Rule 70.16 and Section 607 of the Administrative Instructions under the PCT). 

These annexes consist of a total of 4 sheets. 



3. This report contains indications relating to the following items: 



I 




II 


□ 


III 


□ 


IV 


□ 


V 


IS 


VI 


□ 


VII 




VIII 





Reasoned statement under Article 35(2) with regard to novelty, inventive step or industriat applicability; 
citations and explanations suporting such statement 



Date of submission of the demand 



10/04/2000 



Date of completion of this report 
30.01.2001 



Name and mailing address of the international 
preliminary examining authority: 
European Patent Office 

D-80298 Munich 
Tel.' +49 89 2399 - 0 Tx: 523656 epmu d 

Fax: +49 89 2399 - 4465 



Authorized officer 
Willig, H 

Telephone No. +49 89 2399 7464 




Form PCT/IPEA/409 (cover sheet) (January 1994) 



INTERNATIONAL PRELIMINARY 
EXAMINATION REPORT 



International application No. PCT/IL99/00561 



I. Basis of the report 

1 . This report has been drawn on the basis of (substitute sheets which have been furnished to the receiving Office in 
response to an invitation under Article 14 are referred to in this report as "originally filed" and are not annexed to 
the report since they do not contain amendments (Rules 70. 16 and 70. 17).): 

Description, pages: 

1 -22 as originally filed 

Claims, No.: 

1-30 as received on 03/01/2001 with letter of 03/01/2001 

Drawings, sheets: 

1/6-6/6 as originally filed 

2. With regard to the language, all the elements marked above were available or furnished to this Authority in the 
language in which the international application was filed, unless otherwise indicated under this item. 

These elements were available or furnished to this Authority in the following language: , which is: 

□ the language of a translation furnished for the purposes of the international search (under Rule 23.1 (b)). 

□ the language of publication of the international application (under Rule 48.3(b)). 

□ the language of a translation furnished for the purposes of international preliminary examination (under Rule 
55.2 and/or 55.3). 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the 
international preliminary examination was carried out on the basis of the sequence listing: 

□ contained in the international application in written form. 

□ filed together with the international application in computer readable form. 

□ furnished subsequently to this Authority in written form. 

□ furnished subsequently to this Authority in computer readable form. 

□ The statement that the subsequently furnished written sequence listing does not go beyond the disclosure in 
the international application as filed has been furnished. 

□ The statement that the information recorded in computer readable form is identical to the written sequence 
listing has been furnished. 

4. The amendments have resulted in the cancellation of: 

□ the description, pages: 

□ the claims, Nos.: 



Form PCT/IPEA/409 (Boxes l-VIII, Sheet 1) (July 1998) 



INTERNATIONAL PRELIMINARY 
EXAMINATION REPORT 



International application No. PCT/IL99/00561 



□ the drawings, sheets: 

5. □ This report has been established as if (some of) the amendments had not been made, since they have been 

considered to go beyond the disclosure as filed (Rule 70.2(c)): 

(Any replacement sheet containing such amendments must be referred to under item 1 and annexed to this 
report.) 

6. Additional observations, if necessary: 



V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 

1. Statement 



Novelty (N) 


Yes: 


Claims 


1-30 




No: 


Claims 




Inventive step (IS) 


Yes: 


Claims 


1-30 




No: 


Claims 




Industrial applicability (IA) 


Yes: 


Claims 


1-30 




No: 


Claims 





2. Citations and explanations 
see separate sheet 

VII. Certain defects in the international application 

The following defects in the form or contents of the international application have been noted: 
see separate sheet 

VIII. Certain observations on the international application 

The following observations on the clarity of the claims, description, and drawings or on the question whether the 
claims are fully supported by the description, are made: 
see separate sheet 



Form PCT/IPEA/409 (Boxes l-VIII, Sheet 2) (July 1998) 



INTERNATIONAL PRELIMINARY International application No. PCT/IL99/00561 

EXAMINATION REPORT - SEPARATE SHEET 



Reference is made to the following document. 
D2: WO-A-95 26160 



Re Item V 

Document D2 can be regarded as representing the most relevant prior art 
document for the subject-matter of independent claim 1. 

Document D2 discloses a method of determining an acoustic velocity in a bone 
(see claim 1 , fig. 1) comprising 

• transmitting, from a location adjacent a first in-vivo bone, an acoustic wave 
having a wavelength smaller than the cross section of the bone, which cross 
section is perpendicular to a main travel direction of said acoustic wave in 
said bone (see claims 1, 2, fig. 1), 

• receiving said acoustic wave at a location adjacent the first in-vivo bone (see 
claim 1 , fig. 1), 

• determining at least one acoustic characteristic of at least a portion of the 
first bone, from the travel time of said wave through said first bone, wherein 
said acoustic characteristic comprises at least an acoustic velocity (see claim 

1). 

The method according to independent claim 1 differs from the known method in 
the second and third steps which are 

• receiving said acoustic wave at a location adjacent a second in-vivo bone, 

• determining at least one acoustic characteristic of at least a portion of at 
least one of the first and second bones , from the travel time of said wave 
through said first and second bones and at least one joint between said 
bones , wherein said acoustic characteristic comprises at least an acoustic 
velocity. 

Therefore, the method according to claim 1 allows the determination of an 
acoustic velocity in bones which are impossible to reach with the known method 
(see for instance fig. 1C of the present application). 
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The available prior art does not disclose the solution to this problem according to 
the method of claim 1 . Accordingly, independent claim 1 and claims 2-30 which 
are dependent on claim 1 are considered to meet the requirements of Art. 33(2)- 
(4) PCT. 

Re Item VII 

1 The features of the claims are not provided with reference signs placed in 
parentheses (Rule 6.2(b) PCT). 

2 The independent claim is not in the two-part form in accordance with Rule 6.3(b) 
PCT. 

3 Document D2 should have been identified in the description and the relevant 
background art disclosed therein should have been briefly discussed (Rule 
5.1 (a)(ii) PCT). 

4 The description is not in conformity with the claims as required by Rule 5.1(a)(iii) 
PCT. (See especially p. 3, I. 23 to p. 6, I. 34.) 

5 The incorporation of documents by reference (p. 1 , I. 20-21 , 25, 30, p. 13, I. 30- 
31) is not allowable in some of the designated states (see also PCT Guidelines, II, 
4.18). 

Re Item VIII 

1 In claim 1 , the use of the vague expression "a wavelength about the same or 
smaller than a cross section of the bone" renders the subject-matter of the claim 
unclear (Art. 6 PCT). 

2 The features defined in independent claim 6 appear to be included in 
independent claim 1, already. This leads to a lack of conciseness of the claims 
(Art. 6 PCT). 
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CLAIMS 

1 . A method of determining an acoustic velocity in a bone, comprising; 

transmitting, from a location adjacent a first in-vivo bone, an acoustic wave having a 
wavelength about the same or smaller than a cross-section of the bone, which cross-section is 
perpendicular to a main travel direction of said acoustic wave in said bone; 

receiving said acoustic wave at a location adjacent a second in-vivo bone; and 

determining at least one acoustic characteristic of at least a portion of at least one of the 
first and second bones, from a travel time of said wave through said first and second bones and 
at least one joint between said bones, 

wherein said acoustic characteristic comprises at least an acoustic velocity. 



2. A method according to claim 1, wherein said locations have an unknown positional 
relationship. 

15 3. A method according to claim I, wherein said locations have a known positional 
relationship. 

4. A method according to claim 1, wherein said receiving and said transmitting comprise 
receiving and transmitting using mechanically coupled acoustic elements. 

20 

5. A method according to claim 1, wherein said receiving and said transmitting comprise 
receiving and transmitting using mechanically uncoupled acoustic elements. 

6. A method according to claim 1, wherein said acoustic wave has a frequency of at least 
25 20kHz. 



7. A method according to any of clangs 1-6, wherein said acoustic characteristic 
comprises acoustic velocity. 

'30/1 M A method according to any of/ claims 1-7, wherein said acoustic characteristic 
xnpriscs acoustic attenuation. 

9. A method according to ^6y of claims 1-8, wherein said acoustic characteristic 

^3 
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comprises polarization properties. 

10. A method according to any/of claims 1-6, wherein said at least one acoustic 
characteristic is determined for a plurality of wavelengths, to estimate a frequency dependent 
5 variation thereof. 

1 . A method according to/any of claims 1-10, wherein the joint is art iculated. 

12. A method according to any of claims 1 -10, wherein said first and second bones are 
10 interconnected by at least a third bone and wherein said at least one j oint comprises at least one 
joint interconnecting said first bone and said at least third bone and at least a second joint 
interconnecting said at least third and said second bones. 



13. A method according to claim 12. wherein said at least a third bone comprises at least 
1 5 two b ones interconnected by a j oint, through which the wave travels. 



14. A method according to any of claims 1-/3, wherein said wave travels between an elbow 
and a finger, 

20 15. A method according to any of claips 1-13, wherein said wave travels between an elbow 
and a knucldc 




16. A method according to any claims 1-13, wherein said wave travels between a knee 
d an ankle. 

17. A method according Xcf any of claims 1-13, wherein said wave travels between a 
trochanter and a pelvis. 



30 



18. A method according^* any of claims 1 -1 3, wherein said wave travels between two hips. 

19. A method acconimg to any of claims 1-13. wherein said wave travels along arib. 



20. A method according to any of claims 1-13, wherein said wave travels along a portion of 
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a skull. 




21. A method according to any of claims 1-13, wherein said hones comprise spinal 
vertebra. 

22. A method according to any/of claims 1-21, wherein receiving the acoustic wave 
comprises receiving at least a second acoustic wave, which second wave has a path including at 
Least one shared path portion intone with said first wave. 



IaJ 



10 23. A method according to claim 22, wherein the two waves are received using a single 
receiver and are generated at two different locations. 

24. A method according to claim 22, wherein the two waves are received using two 
receivers and axe generated ax a single location. 



15 



25. A method according to claim 24, wherein a line interconnecting said two receivers is 
not parallel to a surface of bone underlying the two receivers. 



in 



26. A method according to any of claim£ 22-25, wherein said travel time comprises a 
20 relative travel time of said two waves. 
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27. A method according to any of claims 22-26, wherein said two waves are -generated 
simultaneously. 

28. A method according to any of <^aims 22-26, wherein said two waves are generated as a 
single source wave. 

29. A method according to any jSf claims 22-26, wherein said two waves are generated at a 
time delayed relative to each other J 

30- A method according to any of claims 1-29, comprising repeating said transmitting and 
said receiving for at least a second acoustic wave, traveling in a direction opposite a traveling 
direction of said wave, to determine local acoustic bone characteristics at an area which is 
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BONE VELOCITY DETERMINATION 
FIELD OF THE INVENTION 

The present invention relates to non-invasive measurement of the mechanical 
properties of bone. 

BACKGROUND OF THE INVENTION 

It is known in the art that the velocity of a sound wave in a material depends on the 
mechanical properties of the material. 

Bone velocity measurement typically uses one of two methods. In a first method, an 
ultrasound wave is transmitted across a bone, in a direction transverse to its axis, for example 
across the phalanx or across an ankle. In a second method, an ultrasonic wave is transmitted 
from a skin surface generally parallel to the bone, to the bone, and its reflections or emissions 
from the bone, at a distance along the axis of the bone, are detected. 

In order to perform in vivo ultrasonic measurements of the mechanical properties of a 
bone, it is necessary to transmit an ultrasonic wave through the soft tissue surrounding the 
bone. Unfortunately, the thickness of the soft tissue varies along the length of the bone. Also, 
the soft tissue velocity is not a constant value for all soft tissues. These variations can affect 
the accuracy of the ultrasound propagation time measurement through the bone. Typically, the 
variations in thickness of the soft tissue and its velocity are either ignored or an attempt is 
made to cancel the effects of the soft tissue. 

For example, U.S. Patent No. 5,143,072 and PCT publication WO 97/13145, the 
disclosures of which are incorporated herein by reference, describe methods of overcoming the 
effects of the unknown thickness of the intervening soft tissue, by ensuring that the 
measurements are taken when the portion of the path which passes through soft tissue is of a 
same length for different measurements or by determining a soft tissue velocity. 

U.S. Patent 4,819,753, the disclosure of which is incorporated herein by reference, 
describes a method of analyzing the status of a hip implant, by detecting the time of flight of 
vibrations from a hammer hitting the bone, at a knee and outside a spina iliaca posterior 
superior of a pelvis. In this method, very low frequency acoustic waves are generated and 
detected, between about 50Hz and 2kHz. 

U.S. Patent 4,048,986, the disclosure of which is incorporated herein by reference, 
describes a method of diagnosing or identifying a person by measuring the effect on a 
polarization of an ultrasonic wave which travels between an elbow and a wrist or between a 
knee and an ankle. Audio-frequency waves appear to be suggested. 
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SUMMARY OF THE INVENTION 

It is an object of some preferred embodiments of the invention to reduce uncertainties 
in bone velocity determination caused by unknown thickness of overlying soft tissue. 

An object of some preferred embodiments of the invention is to measure changes in 
mechanical properties of bones, especially in trabecular bone tissue. 

One aspect of some preferred embodiments of the invention is that an ultrasonic wave 
for measuring bone velocity is transmitted through a joint between two bones. In a preferred 
embodiment of the invention, the wave is transmitted from the pelvis to a knee, thereby 
passing through both a pelvic bone and a hip bone. Preferably a moderately high ultrasonic 
frequency is used, so that the wavelength is smaller than a cross-sectional diameter of a bone 
or at most two or three times its size, for example about 160kHz for a femoral neck. 
Theoretically, if the cross-sectional diameter is greater than about 0.7 time the wavelength, the 
velocity of the wave is about the same as if the cross-section was infinite. Also, the presence of 
small metal pins may have a negligible effect, for two possible reasons. First, if the diameter of 
the pin is small, the relatively low frequencies used propagate through the pin much slower 
than high frequencies. Additionally or alternatively, a reflection of waves from the pin is 
expected due to a usually large difference in refractive index between them, so there will be no 
effect on a shortest travel time. 

An aspect of some preferred embodiments of the invention is that an acoustic velocity 
of the bone is measured along a main axis of a bone, preferably, along an entire bone. In a 
preferred embodiment of the invention, the bone is a femur. Preferably, the wave travels 
through the hip joint and measures the acoustic velocity along the femoral neck and/or a 
trochanter. 

An aspect of some preferred embodiments of the invention relates to using distanced 
ultrasonic sources and detectors, to measure local acoustic characteristics of bone or soft 
tissue. In a preferred embodiment of the invention, at least two paths are set up, for example 
between one source, such as a transmitter, and two detectors. The distance between the source 
and the detectors causes these paths to substantially overlap along most of their length. 
Preferably, the non-overlapping portion is related to the geometrical arrangement of the 
detectors (and/or the transmitters) and is near the detectors (or the transmitters, in a swapped 
configuration with a remote detector and local transmitters). Thus, local acoustic 
characteristics of the bone can be determined by comparing signals at the two detectors. Some 
non-acoustic characteristics of the bone, such as Young's modulus, can be estimated from 
these measurements. In one example, a speed of sound in a local portion of bone is detected by 
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subtracting the relative or absolute times of arrival of a signal at the two detectors. In a 
preferred embodiment of the invention, two or more sets of paths are used, and the results for 
the two sets of paths are compared to correct for various types of errors and/or allow a more 
exact local measurement. In one example, a more exact speed of sound is determined in the 
presence of an unknown angle between the bone and the detector. 

In a preferred embodiment of the invention, the source(s) and the receivers) are not 
coupled together, for example being separate probes, so there is virtually no parasitic coupling 
between them. In some embodiments described herein, there is no need for an exact 
knowledge of the relative positions of the source(s) and the receiver(s), so use of such separate 
probes is made easier. By positional relationship is meant the relative position of the probes. 
Of course, in typical applications, a physician will be aware approximately where each probe 
is coupled to the body, but exact knowledge of the relative placement is not required in some 
embodiments of the invention. 

Another aspect of some preferred embodiments of the invention relates to substantially 
direct measurement of a trabecular portion of the bone, by ignoring and/or subtracting 
propagation time spent in a cortical portion. When measuring along an axial dimension of the 
bone, the percentage of travel through the cortical portion can be made relatively small as 
compared to travel through the trabecular portion. Additionally or alternatively, in certain 
configurations, two adjacent paths may have substantially the same cortical travel portions and 
different trabecular travel portions, so a difference between travel time along the two paths is 
expected to be mainly due to the trabecular bone. By subtracting the path lengths and dividing 
by the difference in time of flight, a trabecular velocity is preferably determined. 

There is thus provided in accordance with a preferred embodiment of the invention, a 
method of determining an acoustic velocity in a bone, comprising: 

transmitting, from a location adjacent a first in-vivo bone, an acoustic wave having a 
wavelength about the same or smaller than a cross-section of the bone, which cross-section is 
perpendicular to a main travel direction of said acoustic wave in said bone; 

receiving said acoustic wave at a location adjacent a second in-vivo bone; and 

determining an acoustic velocity of at least a portion of at least one of the first and 
second bones, from a travel time of said wave through said first and second bones and at least 
one joint between said bones. Preferably, said locations have an unknown positional 
relationship. Alternatively, said locations have a known positional relationship. 

In a preferred embodiment of the invention, said receiving and said transmitting 
comprise receiving and transmitting using mechanically coupled acoustic elements. 
Alternatively, said receiving and said transmitting comprise receiving and transmitting using 
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mechanically uncoupled acoustic elements. 

There is also provided in accordance with a preferred embodiment of the invention, a 
method of determining a characteristic of a bone, comprising: 

transmitting, from a location adjacent a first in-vivo bone, an acoustic wave having a 
frequency of at least 20kHz; 

receiving said acoustic wave at a location adjacent a second in-vivo bone; and 
determining at least one acoustic characteristic of at least a portion of at least one of the 
first and second bones, from a travel time of said wave through said first and second bones and 
at least one joint between said bones. Preferably, said acoustic characteristic comprises 
acoustic velocity. Alternatively, said acoustic characteristic comprises acoustic attenuation. 
Alternatively, said acoustic characteristic comprises polarization properties. 

In a preferred embodiment of the invention, said acoustic characteristics are determined 
for a plurality of wavelengths, to estimate a frequency dependent variation thereof. 
Alternatively or additionally, the joint is articulated. 

In a preferred embodiment of the invention, said first and second bones are 
interconnected by at least a third bone and wherein said at least one joint comprises at least 
one joint interconnecting said first bone and said at least third bone and at least a second joint 
interconnecting said at least third and said second bones. Preferably, said at least a third bone 
comprises at least two bones interconnected by a joint, through which the wave travels. 

In a preferred embodiment of the invention, said wave travels between an elbow and a 
finger. Alternatively, said wave travels between an elbow and a knuckle. Alternatively, said 
wave travels between a knee and an ankle. Alternatively, said wave travels between a 
trochanter and an pelvis. Alternatively, said wave travels between two hips. Alternatively, said 
wave travels along a rib. Alternatively, said wave travels along a portion of a skull. 
Alternatively, said bones comprise spinal vertebra. 

In a preferred embodiment of the invention, receiving the acoustic wave comprises 
receiving at least a second acoustic wave, which second wave has a path substantially 
overlapping a path in bone of said first wave for a significant portion of its length. Preferably, 
the two waves are received using a single receiver and are generated at two different locations. 
Alternatively, the two waves are received using two receivers and are generated at a single 
location. Preferably, a line interconnecting said two receivers is not parallel to a surface of 
bone underlying the two receivers. 

In a preferred embodiment of the invention, said travel time comprises a relative travel 
time of said two waves. Alternatively or additionally, said two waves are generated 
substantially simultaneously. Alternatively, said two waves are generated as a single source 
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wave. Alternatively, said two waves are generated at a time delayed relative to each other. 

In a preferred embodiment of the invention, the method comprises repeating said 
transmitting and said receiving for at least a second acoustic wave, traveling in a direction 
substantially opposite a traveling direction of said wave, to determine local acoustic bone 
characteristics at an area which is traversed by both of said waves. 

There is also provided in accordance with a preferred embodiment of the invention, a 
method of determining an acoustic bone characteristic, comprising: 

transmitting an acoustic wave from a first location adjacent a first bone; 

receiving said acoustic wave at at least two locations adjacent a second bone, near each 
other, said locations being significantly distanced from said first location, such that said wave 
travels substantially overlapping paths from said first location to a location near said two 
locations; and 

determining an acoustic characteristic of the bone adjacent said two locations from said 
received signals. 

There is also provided in accordance with a preferred embodiment of the invention, a 
method of determining an acoustic bone characteristic, comprising: 

transmitting an acoustic wave from a first location adjacent a body; 

receiving said acoustic wave at at least two locations adjacent a bone, near each other, 
said locations defining a line non-parallel to the bone surface and significantly distanced from 
said first location, such that said wave travels substantially overlapping paths from said first 
location to a location near said two locations; and 

determining an acoustic characteristic of the bone adjacent said two locations from said 
received signals. Preferably, said first location is adjacent said bone. Alternatively, said first 
location is adjacent a different bone. 

In a preferred embodiment of the invention, said transmitting and said receiving utilize 
two mechanically uncoupled elements. Alternatively, said transmitting and said receiving 
utilize two mechanically coupled elements. Alternatively or additionally, said characteristic 
comprises a trabecular velocity of the bone. Alternatively or additionally, said characteristic 
comprises a cortical velocity of the bone. Alternatively or additionally, the method further 
comprises receiving a second wave at or near said two locations from a second source at a 
second location, significantly displaced from said two locations and using said received second 
wave in determining said characteristic. Preferably, said second significantly displaced source 
is on a substantially opposite side of said at least two locations, from said first location. 

In a preferred embodiment of the invention, all of said locations are not collinear. 
Alternatively or additionally, all of said locations are not coplanar. 
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There is also provided in accordance with a preferred embodiment of the invention, a 
method of determining a property of a bone, comprising: 

transmitting an acoustic wave having a frequency of above 20 kHz along an axis of 
said bone, through at least a core thereof; 

receiving said wave after said travel; and 

analyzing said received wave to determine at least one acoustic characteristic of said 
bone. Preferably, said acoustic characteristic comprises an acoustic velocity. 

There is also provided in accordance with a preferred embodiment of the invention, a 
method of bone velocity measurement, comprising: 

transmitting at least one acoustic wave into a bone at a first location; 

receiving said wave at at least two locations outside said bone, after is passes through 
said bone, wherein said first location and said at least two locations are not collinear; and 

determining a trabecular velocity of said bone from said received wave. Preferably, 
said bone comprises an ankle bone 

There is also provided in accordance with a preferred embodiment of the invention, a 
method of determining an acoustic velocity in a bone, comprising: 

transmitting an acoustic wave from a first location adjacent an in-vivo bone; 

receiving said acoustic wave at a second location adjacent the bone, which second 
location has an unknown positional relationship relative to said first position; and 

determining an acoustic velocity of at least a portion of said bone, from a travel time of 
said wave between said first and said second positions. Preferably, receiving comprises 
receiving using two receivers. Preferably, there is a difference in time of receipt of the wave by 
said two receivers, and determining comprises determining from said time difference. 

There is also provided in accordance with a preferred embodiment of the invention, 
apparatus for determining an acoustic velocity in at least a portion of an in-vivo bone, 
comprising: 

a transmitter for generating acoustic signals; 

at least one receiver, mechanically uncoupled to said transmitter, for receiving said 
generated acoustic signals after they travel through a bone; and 

circuitry for determining an acoustic velocity in said bone responsive to said received 
wave. Preferably, said circuitry determines said velocity responsive to a relative arrival time of 
said wave. Alternatively or additionally, said at least one receiver comprises at least two 
receivers. Preferably, there is a difference in time of receipt of the wave by said two receivers, 
and determining comprises determining from said time difference. 
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BRIEF DES CRIPTION OF THE DRAWINGS 

The invention will be more clearly understood by reference to the following 
description of preferred embodiments thereof in conjunction with the figures, wherein identical 
structures, elements or parts which appear in more than one figure are labeled with the same or 
similar numeral in all the figures in which they appear, in which: 

Figs. 1A, IB and 1C illustrate a method of femoral measurement in accordance with a 
preferred embodiment of the invention; 

Fig. 2 illustrates a spinal measurement, in accordance with a preferred embodiment of 
the invention; 

Fig. 3 illustrates various points on a body at which bone velocity may be measured in 
accordance with a preferred embodiment of the invention; 

Fig. 4 is a schematic illustration of a method of determining an acoustic velocity in a 
bone, in accordance with a preferred embodiment of the invention; 

Fig. 5 illustrates a method of bone characteristics determination utilizing significantly 
displaced receivers and transmitters; 

Fig. 6 is a schematic illustration of an implementation of a preferred embodiment of the 
present invention using the configuration of Fig. 5; and 

Fig. 7 is a variation of Fig. 6, in which the receivers do not define a line parallel to a 
surface of the soft tissue. 

DETAILED DESCRIPT ION OF PREFERRED EMBODIMENTS 

Figs. 1A and IB illustrate a femoral measurement in accordance with a preferred 
embodiment of the invention. A femur 10 is connected to a pelvis 12 at a hip joint 14 and to a 
calf at a knee joint 18. Hip 10 generally comprises a femoral neck 16, which is not collinear 
with the rest of hip 10, and is angled at a trochanter 20. Fig. IB is a side view of Fig. 1A, with 
a dotted line indicating a general outline of soft tissue which covers the bones shown in Fig. 
1A. In a preferred embodiment of the invention, ultrasonic transducers are located at places 
where the thickness of underlying soft tissue is minimal and/or has a small variation between 
subjects, for example, at knee 1 8 (transducer 30), at the trochanter 20 (transducer 32) in the 
back of pelvis 12 and/or at a pubic area 22 (a transducer 34). In another preferred embodiment 
of the invention ultrasonic transducers may be placed at the two opposite trochanters, 20 and 
20', to determine a velocity between the two trochanters. In various preferred embodiments of 
the invention, the selection of which of the transducers are transmitters, which are receivers 
and which are both, is a product deign consideration. Generally, only a single transmitter and a 
single receiver are required to measure a time of flight between two points. Although only 
measurement along one direction is generally necessary, in some cases, measurements in two 
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directions may also be taken. Also, in some cases, measurement in one direction may be better 
(e.g., lower noise) than a measurement in the other direction. 

Fig. 1C is a cross-sectional illustration of the pelvic area, showing a path which may be 
taken by an ultrasonic beam which travels between a location A and a location B (locations 
shown also in Fig. 3). 

In a preferred embodiment of the invention, a time of flight of an ultrasonic wave is 
measured between two of the above transducers, whereby a bone of interest lies along a path 
taken by the ultrasonic wave. Preferably, the path includes hip joint 14. Alternatively or 
additionally, only a path in the pelvis is measured, for example between the pubic area 22 and 
location A or between location A and its mirror location on the other side of the pelvis. 
Alternatively or additionally, the path includes all of pelvis 12, for example by placing 
transducer 32 at a location "B" on the side of the pelvis opposite location A. Alternatively or 
additionally, the path includes both femurs, for example by measuring between a knee 26 (Fig. 
1A) and knee 18. Alternatively or additionally, a transmitter (or a receiver) is placed at a 
central location 27 in order to measure times for both hips (for waves to or from transducers at 
knee 18 and knee 26). 

In a preferred embodiment of the invention, an additional receiver and/or transmitter 
may be placed at one or more locations along femur 10, to determine times of flight to a 
middle of the femur. 

It should be appreciated that the path of the ultrasonic wave in the bone is not straight, 
as the bone itself is not straight (e.g., a femur, a rib or a jaw bone). Also, the fastest path along 
the bone may not be the shortest Euclidean one. 

The wavelength of acoustic waves is equal to the speed of sound divided by their 
frequency. For a given speed of sound, which is the property of the material through which the 
waves travel, the higher the frequency the smaller the wavelength. However, acoustic waves 
are attenuated along their travel, and higher frequencies are usually attenuated more. In a 
preferred embodiment of the invention, the frequency used is an ultrasonic frequency, 
preferably above 20kHz, above 40kHz above 60kHz ? between 100kHz and 400kHz, or even 
over 400kHz. Alternatively, lower frequencies may be used, for example, below 20kHz, below 
16kHz, below 10kHz or below 4kHz. Some of these frequency may be more useful in 
embodiments described herein other than this one. In a preferred embodiment of the invention, 
the frequency is selected responsive to the bone being measured. Preferably, the frequency is 
selected to be low enough so that the attenuation by the travel through the bone, soft tissue 
and/or through the joint is not too high relative to a noise level of the measurement system. 
Alternatively or additionally, the frequency is selected to be high enough so that the 
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wavelength is small compared to the cross-sectional diameter of the bone or bones through 
which the wave travels, such that the wave travels substantially only through the bone and not 
through the soft tissue surrounding it. In a preferred embodiment of the invention, the 
frequency is such that the bone cross-sectional diameter (preferably at the middle of the bone 
and/or its average) is approximately the same as the wavelength or at most smaller than a 
quarter or a third of the wavelength of the wave. Alternatively, the wavelength is significantly 
smaller than the bone cross section. 

It should be appreciated that in some preferred embodiments of the invention most of 
the travel time is in the bone and not in the soft tissue, so the travel time in the soft tissue has a 
small effect on the total travel time. Preferably, the soft tissue (thickness) is ignored in the 
measurement. Alternatively or additionally, the soft tissue thickness is measured, for example 
by acoustic imaging or by measuring a time of flight for a reflection from the bone, and the 
travel time is subtracted. Alternatively or additionally, a soft tissue velocity is estimated, for 
example, to be about 1 500 m/s. 

In a preferred embodiment of the invention, the travel time is mostly dependent on the 
slow bone portions, i.e., those bone portions with the lowest strength, which portions are often 
the bone portions of interest. 

In a preferred embodiment of the invention, the time of flight is measured by 
determining the first arriving acoustic wave. Alternatively, the time of flight is determined by 
correlating a received wave with the transmitted wave, or by correlating two received waves 
for example when transmitting at the pubic region and receiving at knee 26 and 18. Thus, in 
some cases, only a difference is determined. 

Alternatively or additionally to measuring a time of flight, changes in polarization of 
the transmitted wave may also be measured, possibly requiring specialized polarization sensor 
or pairs of detectors for measuring small phase differences between the detector pair elements. 
Alternatively or additionally, a frequency dispersion effect of the bone travel on the wave may 
be measured. Alternatively or additionally, a frequency transfer function (power spectrum) 
and/or attenuation function may be measured. 

In a preferred embodiment of the invention, the transmitted wave is a pulsed wave, for 
example having a duty cycle of less than 30%, 20%, or 10%. Alternatively, the wave is a 
continuous or near continuous wave. Preferably, the wave comprises a narrow-band-frequency 
wave, for example having a bandwidth of less than 60%, 40% or 30% of its center frequency. 
Alternatively or additionally, a wide-band-frequency wave is used, for example having a 
bandwidth of more than 80%, 100% or 120% of its center frequency. Alternatively or 
additionally, a temporal envelope, having frequency and/or amplitude characteristics, with a 
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temporal length of more than one wavelength is overlaid on the wave. 

In one example, a 2 microsecond pulse having a center frequency of 160kHz is used, 
this yields a bandwidth of about 500kHz. 

In a preferred embodiment of the invention, the wave is transmitted into the bone at an 
angle substantially normal to the bone surface, to increase the efficiency of the transmission of 
the wave and/or to reduce the effects of overlying tissue. Alternatively or additionally, the 
wave is transmitted in a direction parallel to the bone's long axis. A combination of the two 
preferred transmission methods often dictates that the wave be transmitted at a joint, usually 
when the joint is bent. 

An apparatus in accordance with a preferred embodiment of the invention preferably 
comprises a transmitter and a receiver mounted on a "U" shaped frame. Alternatively, at least 
one of the ultrasonic elements may be mounted on a curved segment attached to the frame, to 
better fit around a leg or a pelvis. In a preferred embodiment of the invention, at least one of 
the transducers is movable along the base of the frame and fastenable in place. In use, the 
15 transmitters are preferably located at the desirable locations and then fastened in place. The 
measurements are taken, preferably by sampling directly into a computer. The distance 
between the transmitters is preferably measured off the frame, preferably automatically, for 
example using methods known in the art (e.g., optical or linear encoders). Alternatively or 
additionally, the distance is determined by measuring a time of flight between the transmitter 
and the receiver in the material of the frame (which has a known velocity) or in the air (which 
has a known velocity). Alternatively, a fixed frame is used, having a know distance between 
the transducers. In a preferred embodiment of the invention, at least one of the transducers is 
mounted to a bed. on which a patient may lie and/or to which the patient may be fastened. 

It should be appreciated that the travel time in the frame is generally much shorter than 
25 the travel time in the bone so the frame travel time does not usually interfere with detecting the 
wave which travels through the bone. Alternatively or additionally, the ultrasonic elements are 
mounted onto the frame using dampers which absorb ultrasonic waves, so substantially no 
waves will travels through the frame. 

Alternatively or additionally, an apparatus may comprise independent transducers 
30 which include position sensors mounted thereon, Thus, their relative positions may be 
measured relative to a base station and/or directly relative to each other. Preferably RF 
position or distance measurement is used'. Alternatively or additionally, airborne ultrasonic 
position and/or distance sensing is used, possibly using the same transducers. 

Alternatively, the distance between the transducers is not determined a-priori. 

10 
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An alternative apparatus utilizes a table and clamping receiver and transmitter 
elements. A patient is laid on a table and the transmitters and/or receivers are arranged around 
the patient and in contact therewith in a desired configuration and then locked in place. In one 
embodiment, the receivers and transmitters have a magnetic locking clamp which when 
activated adheres to a metallic table. Alternatively or additionally, at least one of the receivers 
and/or transmitters is hand-held or attached directly to the patients body, for example using 
adhesive, vacuum or a strap. It should be noted that a pair of receivers can be emulated by 
moving a single receiver between measurements. In a preferred embodiment of the invention, 
the patient is not laid directly on the table, rather, the patient, or at least a limb of interest are 
laid on a raised narrow support. The fat of the limb then hangs down over the sides of the 
support, allowing a closer and more reproducible access to the bone. 

In a preferred embodiment of the invention, the time of flight measurements are used 
for comparison studies, for example, between patients, preferably using a table of expected 
values; between multiple measurements of a single patient over time, preferably utilizing 
tattoo markings on the patient to mark the locations at which transducers are placed; and/or 
between opposing limbs of a same patient. As can be appreciated, in some of these cases, it is 
not necessary to know an exact speed of sound. Rather, it is enough to detect a change 
(absolute and/or relative) in a time of flight. 

In a preferred embodiment of the invention, the measurements of time of flight are 
used in a group comparison method. For example, for each age group/disease stage, one or 
more typical velocity ranges are determined. When a patient is tested, the determined velocity 
is compared to the range expected in the age group/disease stage. A "T" score may be defined, 
to describe the relationship, with, for example, T=(measured velocity - average velocity in 
"fastest" age group)/(standard deviation of velocity in the "fastest" age group). Typically, the 
fastest age group is between 30 and 45. The units of the "T" score are standard deviation units 
and are usually negative, especially for diseased bone. 

Fig. 2 illustrates a spinal measurement, in accordance with a preferred embodiment of 
the invention. A patient 40 generally has a spine 42, with two special areas of interest usually 
being defined, a lumbar region 46 and a cervical region 44. In a preferred embodiment of the 
invention, the time of flight is measured between two vertebra, for example a vertebra 48 and a 
vertebra 52 in lumbar region 46. Alternatively or additionally, the time of flight in a single 
vertebra may be measured. Alternatively or additionally, the time of flight along a significant 
portion of spine 42, for example half of the spine, may be measured. 

It should be noted that depending on the frequency used, several paths are possible 
between two adjacent vertebra. In a first path, the ultrasonic wave travels between the spinal 
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processes of the vertebra, bridging a considerable amount of soft tissue. In a second path, the 
wave travels through the main part of the backbone, through the spinal disks. A third possible 
path is along soft tissues that surround the spine. The first and second paths are differentiated 
by two features of the paths. One feature is that the amount of soft tissue in the second path is 
smaller than in the first path. Another feature is that the dimensions of the vertebra are larger 
in the second path than in the first. In a preferred embodiment of the invention, the two paths 
may be chosen between by appropriately selecting an ultrasonic frequency. A low frequency 
will not be able to travel as fast in the bone portion of the first path as in the bone portion of 
the second path. In a preferred embodiment of the invention, a high enough frequency is used, 
for example 40 kHz, so that the third, soft tissue path, is slower than at least one of the other 
two paths. Preferably, a time of amval window mechanism is used to differentiate between the 
travel along the two paths. Such a relatively low frequency may also be required to overcome 
the high attenuation caused by the existence of an extra joint for every additional vertebra 
measured. 

In a preferred embodiment of the invention, the travel times may be compared between 
groups of vertebrae, for example between (L1-L5) and (T1-T12). Preferably the groups 
comprises same types of vertebrae. Alternatively or additionally, the groups are of lengths of 
approximately integer multiples, so a velocity per vertebra may be calculated and/or compared 
between the groups (e.g., by diving the time of flight of one group by that of the other group). 
Alternatively or additionally, the groups comprise same numbers of vertebrae. Alternatively or 
additionally, the groups include one or more common vertebrae. 

In a preferred embodiment of the invention, the measurements may be used to detect 
spinal fractures, for example, compression fractures and/or cervical spine injuries, by detecting 
changes in velocity, waveform polarization, power spectrum, and/or other parameters of the 
acoustic wave. In a preferred embodiment of the invention, a determination of spinal fractures, 
especially of cervical spine injuries, may be performed at a s.te of an automobile accident, to 
decide on movement options. 

In a preferred embodiment of the invention, the above methods of travel time 
determination and/or acoustic velocity determination (by dividing distance by travel time) may 
be applied to other bones of the body, for example, the arms, wrists, fingers, shoulders, collar 
bone, shin and/or jawbone. Mechanical characteristics of the bone may also be assessed from 
the time of flight measurements, using methods known in the art, for example, as described in 
the above referenced patents and publications. 

Preferably, the measurement is made between points where the underlying soft tissue is 
thinnest. Preferably, the measuring points are at or near ends of the bone. Alternatively or 
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additionally, at least one of the measuring points is at a middle of a bone. Preferably, only two 
bones (and one joint) are measured. Alternatively, two, three or more joints may be measured, 
for example, entire fingers, or the spine mentioned above. In some preferred embodiments of 
the invention, not all the joints are articulated joints, for example, cartilage joints, such as rib 
joints or wrist joints and/or knitted joints such as in the skull. 

In a preferred embodiment of the invention, such measurements are used to detect 
onset, progression and/or regression of osteoporosis. Alternatively or additionally, such 
measurements are used to diagnose fractures or other stress-related bone defects. Alternatively 
or additionally, the measurements may be used to monitor a fracture healing process. Different 
fractures and healing states are expected to exhibit different frequency, velocity and/or 
attenuation profiles. Such monitoring may be effected by comparing the acoustic 
characteristics of two corresponding bones, by monitoring changes over time, by comparing 
the measurements to a table of expected values and/or by comparing different sections of the 
same bone. 

In a preferred embodiment of the invention, such measurements may be used for 
identification purposes, for example, by storing relative travel times along each of five fingers 
of a right hand. Even if bone loss occurs it may be expected to be similar for all the fingers. 

Fig. 3 illustrates various points on a body at which bone velocity may be measured in 
accordance with a preferred embodiment of the invention. The points are indicated with a 
letter, such as locations A and B described above with reference to Fig. 1C. 

In an experiment, a frequency of 150kHz was used to measure apparent velocities 
between points A and B in healthy patients. The term apparent velocity is used for a velocity 
corresponding to the straight line distance between the points divided by the time of flight. In 
actual bone tissue, the path of the sound is rarely straight. The apparent velocity measured was 
between 1800 and 1900 m/s. The thickness of soft tissue underlying locations A and B is about 
1 and 1.5 cm respectively. In a preferred embodiment of the invention, the soft tissue velocity, 
thickness and/or travel time is estimated, to yield a more exact bone velocity. The soft tissue 
velocity can be estimated, for example to be between 1400 and 1500 m/s. The soft tissue 
thickness may be determined, for example, by measuring reflection from an underlying bone 
or using methods described in PCT publication WO 97/13145, the disclosure of which is 
incorporated herein by reference. 

Another set of locations comprises a location F at an elbow and a location E at a hand. 
In a preferred embodiment of the invention, the location E is a knuckle, so that when a fist is 
made, the ultrasonic wave enters the bone at a normal angle. The knuckle is preferably used 
instead of the finger tip, to avoid any interaction with- and/or reflections caused by- a 
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fingernail. In an experiment on healthy subjects using a frequency of 150kHz, apparent 
velocities between 2600 and 2900 m/s were measured. The soft tissue effect is preferably 
ignored, s.nce the soft tissue is very thin at points E and F (relative to length of path in the path 

in the bone). 

Another set of locations comprises a location I and a location J at two opposing 
shoulders. Alternatively or additionally, one of the locations may be at the back of a neck. 
Another set of locations comprises a location G at a large toe and a location H at a base of an 
ankle. In an experiment in health subjects, a frequency of 150kHz yielded apparent velocities 
of about 1900-2000 m/s. 

Fig. 4 is a schematic illustration of a method of determining an acoustic velocity in a 
trabecular portion 144 of a bone 140, in accordance with a preferred embodiment of the 
invention. A transducer 146 is shown at one side of bone 140 and a pair of transducers 148 and 
150 are shown at spaced away locations. It is noted that transducer 146 is substantially 
perpendicular to transducers 148 and 150. Ignoring intervening soft tissue, a path from 
transducer 146 to transducer 148 (or transducer 150) includes a short segment "a" in a cortical 
bone portion 142 and a long segment »b" (or V) in trabecular bone portion 144. A third short 
segment "d" ( V) in the cortical bone completes the path. The frequency of the wave is 
preferably selected so that travel of the wave only through cortical bone is substantially 
attenuated, due to the small cross-section of the cortical bone. If a distance between transducer 
146 and transducer 148 is relatively long compared to the distance between transducer 148 and 
transducer 150, paths »b« and V will substantially overlap and have only a small angle a 
between them. Path sect.on "a" will generally be the same segment for both paths. 
Additionally, if transducers 148 and 150 are close together, paths "d" and »e" will pass through 
substantially the same thickness and/or type of cortical bone. If angle a is small, the difference 
in path lengths is substantially equal to the distance between transducers 148 and 150. The 
time of flight in trabecular bone 1 44 may be determined by subtracting the times of flight for 
the two paths. The velocity may be determined by diving the distance between the two 
transducers by the subtracted time of flight. Alternatively or additionally, to using two 
transducers, a single transducer may be moved between locations 148 and 150 and/or further 
locations along the bone axis. In a preferred embodiment of the invention, a horizontal 
distance »h» between transducer 146 and transducer 148 is made large enough so that the 
fastest wave does not travel only along the cortical potion of the bone. 

In a preferred embodiment of the invention, the contribution of soft tissue travel time to 
the total travel time may be ignored for the same reasons as the effect of cortical bone because 
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similar thickness and velocities of the soft tissue are involved for the two paths. Also, the total 
thickness of the soft tissue (and cortical bone) may be selected to be small relative to the 
trabecular bone path. Alternatively, the calculation of Fig. 4 can be applied in a situation where 
reference 144 represents a bone (including both cortical and trabecular sectors) and reference 
142 represents soft tissue. The same considerations of overlap apply, except that the line 
segments "d" and "e" exit the bone at a sharper angle, to account for the differences in acoustic 
velocity and the difference in changing the acoustic velocities between Fig. 4 and the current 
described configuration. 

The measurement of Fig. 4 may be applied at an ankle, with transducers 146 being at a 
base of the ankle and transducers 148 and 150 being along the side of the ankle bone. 
Alternatively or additionally, transducers 148 and 150 may be further down the foot, so that 
the waves travel through multiple bones. Alternatively or additionally, the measurement may 
be performed between an elbow acting as a point 146 and points further down the arm, near 
the wrist, acting as a point 14S and a point 150. Alternatively or additionally, these 
measurements may be performed at other points in the body where there is a significant 
distance between transducers 146 and 148. 

Fig. 5 illustrates a method of bone characteristics determination utilizing significantly 
displaced receivers and transmitters. Preferably, two or more sets of transmitters and receivers 
are used, to correct for errors in determining the characteristics, for example, errors due to the 
receivers not defining a line parallel to the bone. Fig. 5 shows a configuration 200 in which 
two significantly displaced transmitters 206 and 208 are used. Waves generated by these 
transmitters travel through soft tissue 204 and a bone 202. such as a femur, and again through 
a different part of soft tissue 204 to receivers 210 and 212. As can be see in the figure, the 
waves from transmitter 206 overlap for nearly all of their travel, except for a last portion. Due 
to the distance between transmitter 206 and the receivers, the shortest path for the two waves 
will usually overlap. The same is true for transmitter 208. In a preferred embodiment of the 
invention, the transmitters and/or receivers are slanted towards the expected path of the sound 
waves, to increase their gain. Alternatively, lens or other acoustic elements may be used to 
improve gain characteristics. 

Fig. 6 is a schematic illustration of a probe utilizing of configuration. 200, showing a 
non-parallel arrangement of the receivers to the bone and illustrating that by using two 
opposing transmitters and, optionally, more than one receiver-pair, various errors may be 
corrected, so that a more exact measurement is achieved. For clarity, the transmitters are not 
shown, but, preferably, one is to the right of the figure and one to the left. Four waves are 
shown from bone 202 to four receivers 220, 222, 224 and 226 respectively. As illustrated, 
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these receivers are arranged in two pairs, (220, 222), having an inter-receiver distance of D] 
and (224, 226) having an inter-receiver distance of D 2 . It is noted that the waves bend at the 
point where they pass between soft tissue 204 and the receivers, to represent changes in 
velocity caused by the receivers being immersed in a material having a different speed of 
sound from the tissue. An angle y is the angle between the bone surface and the soft tissue 
outer surface, about a segment 228 of the bone for which the measurements are being made. 
An angle a is the critical angle along which the fastest wave travels from the transmitters to 
the receivers and is determined by: sina= V t /V b , where V t is the soft tissue velocity and V b is 
the bone velocity. 

In Fig. 6, receivers 220 and 222 both detect signals from a same source, for example 
source 208 (Fig. 5). As seen in Fig. 6, the only difference between the paths is along segment 
228 and in the length of travel in soft tissue. Preferably, but not necessarily, the soft tissue 
velocity is assumed the same for both receivers. Alternatively, several receiver pairs may be 
used so that there is a substantial overlap between soft tissue paths for different receiver pairs. 
15 In Fig. 6, both receiver pairs detect waves that can be used to analyze the characteristics in a 
same bone segment 228, while there is only a partial overlap in soft tissue in the volume of 
soft tissue traversed by the sound waves for each receiver pair. Alternatively, other 
configurations can be used in which a different trade-off between bone path overlap and soft 
tissue overlap is used. Such a trade-off can be achieved, for example, by varying the relative 
20 axial (along the path of sound from the sources) and/or transaxial (perpendicular to the path) 
positions of the receivers and receiver pairs. Alternatively or additionally, such trade-offs can 
be achieved by switching the functions of transmitters and receivers. Although a shared 
segment 228 is shown, in a typical application, the bone segment analyzed by each detector 
pair may only approximately overlap. It is generally assumed, however, that the local 
25 characteristics of the bone do not vary greatly. The intra-detector distanced Dj and D 2 are 
preferably the same, however, this is not essential. In exemplary embodiments, the distance 
between the transmitter and the receivers is larger than 5, 10, 20 or 30 times the distance 
between the receivers. Also, receivers and transmitters can be on different bones, on bent 
portions of the bone or not all aligned relative to the axis of the bone. 
30 1x1 a preferred embodiment of the invention, what is utilized is a difference in arrival 

times of a same signal at each receiver of the pair of receivers and not the time of arrival of a 
signal from a sound source at a receiver. Alternatively, two consecutive signals having a 
known relative delay can be compared. Such signals can use, for example, a clocked source or 
a pulse source, for setting the delay. The difference in arrival times can be directly measured, 
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for example, by correlating the detected signals, with the transmitted signal being continuous 
(and constant), pulsed or have a different type of envelope. In some continuous wave systems, 
the wavelength is preferably longer than the inter-receiver distance, to allow using phase based 
difference measurements. Alternately, a TOF (time of flight) measurement is made for each 
receiver, for example based on detecting a first arriving wave at the receiver, and using a 
known time the pulse was generated, the measurements are subtracted to determine a time 
difference. For pair (220, 222), a time difference Atl is measured and for pair (224, 226) a time 
difference At2 is measured. 

The following equations inter-relate the above defined variables and unknowns: 

Ar. ~n,E?Lr sin r cos a 
V b v t 

(1) 

" " V b 

(2) 

In these equations, At and D are known or measured and a (critical angle), y 
(inclination angle), V b (bone velocity) and V t (soft tissue velocity) are unknowns. 

Effective velocities V, and V 2 can be defined to aid in solving for V b . Thus, by 
defining: 

D, D, 
At, At, 

(3) 

the following equations can be derived from the time of arrival difference equations: 

1 1 ^ cos y 
h = 2 — 

V l V 2 v b 



_J J_ _ 2 sin y c os 

V 2 v l ~ v 
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(4) 

As an aside, it should be noted that if y=0, V b is independent of V t . These two 
equations can be rewritten and solved to obtain 
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One method of solving this equation set is to assume V t , for example to be 1540 m/s 
and to use the second equation of set (5) to calculate y. As shown below, for small angles y, 
selecting this velocity as representative of a true velocity between 1480 and 1580 has a very 
small effect on the accuracy. Other methods of solving such equations are also known in the 
art. 

Fig. 7 illustrates a variation of Fig. 6, in which the receivers do not define a line that is 
parallel to a surface of the soft tissue ("displaced receiver") and shows details of one displaced 
receiver pair 240, comprising receivers 242 and 244. Unlike Fig. 6, receiver 244 and receiver 
242 are not parallel to the surface of soft tissue 204. A distance AH describes the relative 
elevation of one receiver relative to the other. Angles a' and p can be defined, to transform the 
example of Fig. 6 into the example of Fig. 7: a'=a-y and sinp=V p -sinaV V t , where V p is the 
speed of sound in the material in which the receivers are embedded. 

By expansion, it can be shown that the angle p satisfies the following equation: 



v v 

a P P ■ 

sin/?=— — cos/ i-sin y 

V b v t ' 
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An effective distance D e ff and an effective time delta Ax e ff defined below can be used 
in the equations of Fig. 6, which were defined for a non-displaced receiver example. Typically, 
there is one set of D e ff and Ax e ff, for each receiver pair. 

D eff =D + AHtgp. (7) 

20 Axeff = Ax - AH/(v p cosP) (8) 

Fig. 7 shows only one pair of receivers, typically two pairs will be used, with one or 
both being displaced receiver pairs. 

The resulting set of equations may be solved in many ways. One suggested iterative 
method comprises: 

25 (a) assume AH=0. 

(b) compute V b and y based on the Fig. 6 equations (equations (3) and (5)), setting 
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D e ff=D and Ax eff = At , for both pairs of receivers. 

(c) using y and V b , calculate p. D eff and Ax eff using the Fig. 7 equations (6-8), for 
both pairs of receivers. And 

(d) reiterate computing V b using the more precise D eff and AT eff . 

Typically, two or three iterations are required to reach a calculation precision of better 
than 0.1% or even 0.01%, for y<5° and AHO.ID. the iterations may be stopped based on their 
number or based on achieving a desired precision. Alternatively, other solution methods may 
be used. 

In a simulation performed for an embodiment according to Fig. 6, a precision of better 
than 0.1% was achieved for y<5°, if a true V t is between 1480 and 1580 m/s. For larger 
inclinations, a probe having an opposite inclination may be used, so that the effective y is 
closer to zero. 

In a preferred embodiment of the invention, different bones have different allowed 
inclination angles, determined, for example, based on an expected noise and/or error level. In 
some preferred embodiments of the invention, the measurement system generates a signal 
(e.g., a beep or a red light on the probe) if the approximately determined inclination angle is 
larger that the value allowed for the particular bone being measured. In some embodiments, 
the velocity will not be determined in such a case. The signal can cause the user to reorient the 
probe, for example to push it deeper into the flesh. Additionally or alternatively, other 
conditions that cause a large error, such as high noise conditions may be signaled to the 
operator so that he can change the measurement method accordingly. 

In the above description, the receivers and transmitters are substantially in a same plane 
with the bone. However, this is not essential. What is most often desirable is that the receiver 
pair is arranged to be coplanar with the near path of the wave in the bone, so that there is a 
maximum overlap between the paths of the two receivers. However, even this is not essential. 
In one preferred embodiment of the invention, the line connecting the receiver pair is arranged 
to be perpendicular to a line connecting the source and the receiver pair, or at a different angle. 
One such arrangement has one receiver coplanar with the near path and one receiver 
perpendicular to the plane of the coplanar receiver and the near path. As used herein the near 
path is the portion of path of acoustic waves near the receivers and in which variations 
between the paths to the two receivers are -found. In the far portions, the waves generally 
overlap or travel completely separate paths. 

In a preferred embodiment of the invention, the determination that the receivers are in a 
desired configuration is achieved by determining the receiver orientation at which a local or 
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global minimum or maximum velocity is determined and/or based on other analyses of the 
velocities determined for different angles. Thus, in some implementations, the determined 
bone velocity is actually an effective velocity rather than a real velocity. However, since the 
effective velocity is reproducible, it may be used to compare different patients or a same 
patient over time. In some cases, a normalized velocity or an otherwise processed travel time 
may be used instead of the effective the velocity and usually in a way equivalent thereto. 
Using non-coplanar configurations, some trans-axial characteristics of the bone may also be 
determined. Alternatively or additionally, the two sources are not opposite each other, but 
define a non-180 0 angle with the receivers. However, as noted above, the parameter of interest 
may be that the two near paths from the two sources are not coplanar, but define an angle, such 
as 120°, 150° or 170° between them. Such angles may be achieved and useful, for example in 
the skull. 

Also, as noted above, the transmitters and receivers can be swapped or a single pair of 
receivers can be used. Possibly, a plurality of receivers, for example arranged in a ring, is used 
to detect signals from a same source or sources. Such a ring may be used to select a desirable 
orientation of the receiver pair to the near path, without requiring motion of the receiver pair. 
Thus, a variety of trans-axial characteristics can be determined and some amount of angle 
independence can be achieved. It is noted that, in general, the sources are far enough away 
from the receivers so that the differences between what the receivers detect is mainly caused 
by local variations. Thus, the exact location of the sound sources may be of no interest. In one 
embodiment, an imaging probe, with appropriate software/hardware processing circuits is used 
for analyzing received signals, while the acoustic source may be a separate "thumper" or sound 
generating probe. 

In one preferred embodiment of the invention, an acoustic source, optionally self 
powered and without any connecting wires, is attached to the patient, for example using a strap 
or adhesive. It should be noted that a wide range of sound sources may be used, including 
narrow frequency band and wide frequency band sources. Some exemplary sources include 
piezoelectric elements, electro-magnetic vibrators and mechanical thumping (e.g., with a 
hammer). It should be noted that a hammer (or other hard object) can be hit against the body as 
well as being hit against an object in contact with a limited portion of the body, e.g., a table on 
which the patient stands. 

Although mainly velocity has been described as the desired measurement, other bone 
characteristic can be determined. In one example, the frequency profiles of the signals detected 
at two receivers can be compared to determine a frequency attenuation profile of the bone. 
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The above method of acoustic velocity determination is especially useful for long 
bones, such as the femur or for measurements along long portions of the body, such as an 
entire arm. Other situations where such measurements are useful are 

(a) when the bone portion to be measured and/or the encompassing bone are short, such 

as the fingers; 

(b) when the bone is rounded (such as the ankle), so one of the transmitter and the 
receiver is at the side on the bone and the other at the back; 

(c) when the bone is small relative to the speed of sound in the bone, such as in the 
ankle (or in non-bone tissues, such as in teeth or between teeth); and/or 

(d) when it is desired to avoid a parasitic signal through the probe or the skin (as the 
transmitter can be very far from the receivers, such parasitic signals are attenuated below the 
background noise level). 

However, these methods may also be advantageously applied in other configurations, 
for example where the receiver (and wavelength) is small relative to the soft tissue thickness, 
e.g., for thinly covered bones. 

In a preferred embodiment of the invention, the ultrasonic bone velocity measurement 
may be restricted to substantially a joint area, for example, from just above an elbow to just 
below an elbow. In a preferred embodiment of the invention, the measurement apparatus 
comprises a "V" shaped apparatus with a transducer at an end of each arm of the "V and with 
a variable base angle (one being a receiver and one a transmitter). Alternatively, a "U" shaped 
apparatus, as described above, may be used. Alternatively or additionally, a grid type probe is 
used for velocity measurements in bone and/or joints, in which individually excitable (and/or 
receiving) portions are available on a flexible or a rigid substrate. 

In a preferred embodiment of the invention, such bone and/or joint velocity 
measurements are performed at multiple joint positions. Preferably, these multiple 
measurements are used since the path may be expected to include different parts of the bone, 
depending on the joint angle. Alternatively or additionally, the multiple measurements 
accommodate different thicknesses of joint tissue between the bones. 

The present invention has been described in terms of preferred, non-limiting 
embodiments thereof. It should be understood that features described with respect to one 
embodiment may be used with other embodiments and that not all embodiments of the 
invention have all of the features shown in a particular figure. In particular, the scope of the 
invention is not defined by the preferred embodiments but by the following claims. Section 
titles, where thev appear are not to be construed in limiting subject matter described therein, 
rather section titles are meant only as an aid in browsing this specification. When used in the 
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following claims, the terms "comprises", "comprising", "includes", "including" or the like 
means "including but not limited to". 
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CLAIMS 

1 . A method of determining an acoustic velocity in a bone, comprising: 
transmitting, from a location adjacent a first in-vivo bone, an acoustic wave having a 

wavelength about the same or smaller than a cross-section of the bone, which cross-section is 

perpendicular to a main travel direction of said acoustic wave in said bone; 

receiving said acoustic wave at a location adjacent a second in-vivo bone; and 
determining an acoustic velocity of at least a portion of at least one of the first and 

second bones, from a travel time of said wave through said first and second bones and at least 

one joint between said bones. 

2. A method according to claim 1, wherein said locations have an unknown positional 
relationship. 

3. A method according to claim 1, wherein said locations have a known positional 
relationship. 

4. A method according to claim 1 , wherein said receiving and said transmitting comprise 
receiving and transmitting using mechanically coupled acoustic elements. 

5. A method according to claim 1 . wherein said receiving and said transmitting comprise 
receiving and transmitting using mechanically uncoupled acoustic elements. 

6. A method of determining a characteristic of a bone, comprising: 

transmitting, from a location adjacent a first in-vivo bone, an acoustic wave having a 
frequency of at least 20kHz; 

receiving said acoustic wave at a location adjacent a second in-vivo bone; and 
determining at least one acoustic characteristic of at least a portion of at least one of the 

first and second bones, from a travel time of said wave through said first and second bones and 

at least one joint between said bones. 

7. A method according to claim 6, wherein said acoustic characteristic comprises acoustic 
velocity. 

8. A method according to claim 6. wherein said acoustic characteristic comprises acoustic 
attenuation. 
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9. A method according to claim 6, wherein said acoustic characteristic comprises 
polarization properties. 

10. A method according to any of claims 7-9, wherein said acoustic characteristics are 
determined for a plurality of wavelengths, to estimate a frequency dependent variation thereof. 

11. A method according to any of claims 1-10, wherein the joint is articulated. 



are 



12. A method according to any of claims 1-10, wherein said first and second bones 
interconnected by at least a third bone and wherein said at least one joint comprises at least 
one joint interconnecting said first bone and said at least third bone and at least a second joint 
interconnecting said at least third and said second bones. 

13. A method according to claim 12, wherein said at least a third bone comprises at least 
two bones interconnected by a joint, through which the wave travels. 

14. A method according to any of claims 1-13, wherein said wave travels between an 
elbow and a finger. 



15. A method according to any of claims 1-13, wherein said wave travels between an 
elbow and a knuckle. 



1 6. A method according to any of claims 1-13, wherein said wave travels between a knee 
and an ankle. 



17. A method according to any of claims 1-13, wherein said wave travels between a 
trochanter and an pelvis. 

18. A method according to any of claims 1-13, wherein said wave travels between two 
hips. 

19. A method according to any of claims 1-13, wherein said wave travels along a rib. 
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20. A method according to any of claims 1-13, wherein said wave travels along a portion 
of a skull. 



21. A method according to any of claims 1-13, wherein said bones comprise spinal 
5 vertebra. 

22. A method according to any of claims 1-21, wherein receiving the acoustic wave 
comprises receiving at least a second acoustic wave, which second wave has a path 
substantially overlapping a path in bone of said first wave for a significant portion of its 

10 length. 

23. A method according to claim 22, wherein the two waves are received using a single 
receiver and are generated at two different locations. 

15 24. A method according to claim 22, wherein the two waves are received using two 
receivers and are generated at a single location. 

25. A method according to claim 24, wherein a line interconnecting said two receivers is 
not parallel to a surface of bone underlying the two receivers. 

20 

26. A method according to any of claims 22-25, wherein said travel time comprises a 
relative travel time of said two waves. 

27. A method according to any of claims 22-26, wherein said two waves are generated 
25 substantially simultaneously. 

28. A method according to any of claims 22-26, wherein said two waves are generated as a 
single source wave. 

30 29. A method according to any of claims 22-26, wherein said two waves are generated at a 
time delayed relative to each other. 

30. A method according to any of claims 1 -29, comprising repeating said transmitting and 

said receiving for at least a second acoustic wave, traveling in a direction substantially 

35 opposite a traveling direction of said wave, to determine local acoustic bone characteristics at 
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31. A method of determining an acoustic bone characteristic, comprising: 
transmitting an acoustic wave from a first location adjacent a first bone; 

receiving said acoustic wave at at least two locations adjacent a second bone, near each 
other, said locations being significantly distanced from said first location, such that said wave 
travels substantially overlapping paths from said first location to a location near said two 
locations; and 

determining an acoustic characteristic of the bone adjacent said two locations from said 
received signals. 

32. A method of determining an acoustic bone characteristic, comprising: 
transmitting an acoustic wave from a first location adjacent a body; 

receiving said acoustic wave at at least two locations adjacent a bone, near each other, 
said locations defining a line non-parallel to the bone surface and significantly distanced from 
said first location, such that said wave travels substantially overlapping paths from said first 
location to a location near said two locations; and 

determining an acoustic characteristic of the bone adjacent said two locations from said 
received signals. 

33. A method according to claim 32, wherein said first location is adjacent said bone. 

34. A method according to claim 32, wherein said first location is adjacent a different 
bone. 

35. A method according to any of claims 32-34, wherein said transmitting and said 
receiving utilize two mechanically uncoupled elements. 

36. A method according to any of claims 32-34, wherein said transmitting and said 
receiving utilize two mechanically coupled elements. 

37. A method according to any of claims 32-36, wherein said characteristic comprises a 
trabecular velocity of the bone. 
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38. A method according to any of claims 32-36, wherein said characteristic comprises a 
cortical velocity of the bone. 

39. A method according to any of claims 32-36, comprising further receiving a second 
wave at or near said two locations from a second source at a second location, significantly 
displaced from said two locations and using said received second wave in determining said 
characteristic. 



40. A method according to claim 39, wherein said second significantly displaced source is 
on a substantially opposite side of said at least two locations, from said first location. 

41. A method according to any of claims 32-40, wherein all of said locations are not 

collinear. 



42. A method according to any of claims 32-40, wherein all of said locations are not 
coplanar. 

43. A method of determining a property of a bone, comprising: 

transmitting an acoustic wave having a frequency of above 20 kHz along an axis of 
said bone, through at least a core thereof; 

receiving said wave after said travel; and 

analyzing said received wave to determine at least one acoustic characteristic of said 

bone. 

44. A method according to claim. 43, wherein said acoustic characteristic comprises an 
acoustic velocity. 

45. A method of bone velocity measurement, comprising: 
transmitting at least one acoustic wave into a bone at a first location; 

receiving said wave at at least two locations outside said bone, after is passes through 
said bone, wherein said first location and said at least two locations are not collinear; and 
determining a trabecular velocity of said bone from said received wave. 

46. A method according to claim 45, wherein said bone comprises an ankle bone. 
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47. A method of determining an acoustic velocity in a bone, comprising: 
transmitting an acoustic wave from a first location adjacent an in-vivo bone; 
receiving said acoustic wave at a second location adjacent the bone, which second 

5 location has an unknown positional relationship relative to said first location; and 

determining an acoustic velocity of at least a portion of said bone, from a travel time of 
said wave between said first and said second locations. 

48. A method according to claim 47, wherein receiving comprises receiving using two 
10 receivers. 

49. A method according to claim 48 and including a difference in time of receipt of the 
wave by said two receivers, wherein determining comprises determining from said time 
difference. 

15 

50. Apparatus for determining an acoustic velocity in at least a portion of an in-vivo bone, 
comprising: 

a transmitter for generating acoustic signals; 

at least one receiver, mechanically uncoupled to said transmitter, for receiving said 
20 generated acoustic signals after they travel through a bone; and 

circuitry for determining an acoustic velocity in said bone responsive to said received 

wave. 

51. Apparatus according to claim 50, wherein said circuitry determines said velocity 
25 responsive to a relative arrival time of said wave. 

52. Apparatus according to claim 50 or 51, wherein said at least one receiver comprises at 
least two receivers. 

30 53. A method according to claim 52 and including a difference in time of receipt of the 
wave by said two receivers, wherein determining comprises determining from said time 
difference. 
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